Plain-language summary
======================

Brivaracetam (BRV) is a new antiepileptic drug for add-on therapy for focal (also called partial-onset) seizures in adults with epilepsy. We report results from studies conducted throughout the development of BRV, including on how BRV is thought to work in the brain, how the drug is taken in and removed from the body, the effect of BRV on seizures, and side effects that have been reported in clinical trials of people with epilepsy. BRV is effective in many different animal models of seizures. BRV is easily absorbed by the body and quickly enters the brain. It has few interactions with other drugs. In three Phase III studies, patients with uncontrolled focal seizures taking BRV 50--200 mg/day had significantly fewer seizures than patients taking placebo, with good tolerability. BRV was good at treating a severe type of focal seizure: secondarily generalized tonic--clonic seizures. BRV is well tolerated, even when started at target doses, when taken as tablets, or when taken as an injection by infusion or bolus.

Introduction
============

Epilepsy affects more than 50 million people worldwide.[@b1-cpaa-10-001] Over 20 antiepileptic drugs (AEDs) are available for the treatment of epilepsy, and are approved for the treatment of several different types of seizure or syndrome. However, about a third of patients do not respond to AED treatment.[@b2-cpaa-10-001],[@b3-cpaa-10-001]

In recent years, the choice of available AEDs has been expanded with the approval of lacosamide (Vimpat), rufinamide (Inovelon), ezogabine/retigabine (Potiga/Trobalt), perampanel (Fycompa), and eslicarbazepine acetate (Aptiom/Zebinix). However, ezogabine/retigabine will be discontinued during 2017 and will no longer be commercially available. These AEDs have been approved by the US Food and Drug Administration (FDA) for adjunctive treatment of focal (partial-onset) seizures,[@b4-cpaa-10-001]--[@b7-cpaa-10-001] with perampanel also approved for treatment of primary generalized tonic--clonic seizures.[@b5-cpaa-10-001] Eslicarbazepine acetate is also approved by the European Medicines Agency for monotherapy treatment of focal seizures in adults with newly diagnosed epilepsy.[@b8-cpaa-10-001] The exception is rufinamide, which is approved by the FDA for adjunctive treatment of Lennox--Gastaut syndrome in adult and pediatric patients ≥1 year old.[@b9-cpaa-10-001] A brief overview of the main features of these five AEDs, including top-line pooled efficacy data from pivotal trials,[@b10-cpaa-10-001]--[@b14-cpaa-10-001] is provided in [Table 1](#t1-cpaa-10-001){ref-type="table"}.

Brivaracetam (BRV; Briviact; UCB Pharma SA, Brussels, Belgium) is a new AED, approved in 2016 by the FDA for adjunctive treatment of focal seizures in patients aged ≥16 years with epilepsy.[@b15-cpaa-10-001] BRV is a member of the racetam class of drugs, related to piracetam and the AED levetiracetam (LEV), and is the first selective ligand for SV2A.[@b16-cpaa-10-001] We review here the pharmacology of BRV, as well as its efficacy, safety, and tolerability in patients with epilepsy.

Mode of action
==============

BRV's mode of action was recently reviewed by Klitgaard et al and Löscher et al, who detailed current understanding of how BRV exerts its antiepileptogenic properties.[@b17-cpaa-10-001],[@b18-cpaa-10-001] BRV is a selective, high-affinity ligand for SV2A.[@b16-cpaa-10-001] SV2A is a transmembrane glycoprotein and galactose transporter.[@b19-cpaa-10-001] It is considered the master regulator molecule of neurotransmitter release.[@b18-cpaa-10-001] The human *SV2A* gene, located in the q arm of chromosome 1 at locus 21.2, iŝ14,565 bp in size, and encodes a 4,353 bp mRNA with 13 exons, which is translated to an 82.6 kDa protein composed of 742 amino acids.[@b20-cpaa-10-001] SV2A is present ubiquitously throughout the central nervous system, except for the trigeminal and facial nuclei.[@b18-cpaa-10-001],[@b20-cpaa-10-001] It is present in both γ-aminobutyric acid (GABA)-ergic and glutamatergic neurons.[@b21-cpaa-10-001] Neurotransmitter release is a cyclical process that consists of several stages: uptake of the neurotransmitter into the vesicle in the cell interior, movement of the vesicle to the presynaptic wall, docking of the vesicle at the wall, priming of the vesicle for neurotransmitter release, calcium-dependent neurotransmitter release into the synapse, and movement of the vesicle back to the cell interior to join the pool of usable vesicles.[@b18-cpaa-10-001] It has been suggested that SV2A regulates neurotransmitter release at various steps of this synaptic vesicle cycle, including the rate of neurotransmitter uptake into the vesicle, vesicle priming at the presynaptic membrane, neurotransmitter release, and vesicle trafficking between the cytoplasm and the presynaptic membrane.[@b18-cpaa-10-001]

SV2A absence or reduced function may facilitate seizures. *SV2A*^−/−^-knockout mice appear normal at birth, but develop seizures early postnatally, do not grow, and die at 3 weeks of age.[@b22-cpaa-10-001] Loss of SV2A in these animals is associated with a decrease in action potential-dependent (but not action potential-independent) GABA transmission in the CA3 region of the hippocampus. SV2A expression is reduced during kindling of epileptogenesis in spontaneously epileptic rats, and in pharmacoresistant amygdala-kindled rats compared with nonpharmacoresistant rats.[@b23-cpaa-10-001],[@b24-cpaa-10-001] SV2A is reduced in the hippocampus of patients with pharmacoresistant temporal lobe epilepsy and hippocampal sclerosis, observed in resected tissue specimens and in positron-emission tomography (PET) studies using the radioactive SV2A ligand \[^11^C\]UCB-J,[@b25-cpaa-10-001],[@b26-cpaa-10-001] as well as in epileptogenic cortical dysplasia and tubers.[@b27-cpaa-10-001] Recently, a case of intractable epilepsy due to a homozygous *SV2A* mutation was reported.[@b28-cpaa-10-001] The patient had an arginine--glutamine mutation in amino-acid position 383 (R383Q) in exon 5, and both parents were carriers for the R383Q variant, suggesting that R383Q is a recessive mutation.

However, increased expression of SV2A has been reported in the kindling model of temporal lobe epilepsy.[@b29-cpaa-10-001]--[@b32-cpaa-10-001] Overexpression of SV2A in hippocampal neurons results in a neurotransmission phenotype that resembles that of neurons from *SV2A*-knockout mice, suggesting that too much SV2A is as detrimental to neuronal function as too little.[@b33-cpaa-10-001] LEV treatment during kindling reduces SV2A expression past the kindling phase.[@b29-cpaa-10-001] LEV antiseizure activity in the 6 Hz epilepsy model is reduced in heterozygous *SV2A*^+/−^-knockout mice with 50% SV2A-protein reduction.[@b34-cpaa-10-001]

LEV and BRV are thought to exert their anticonvulsant action by binding to SV2A and modulating its effect on neurotransmitter release. However, details of how binding to SV2A results in an anticonvulsant effect are at present unknown.[@b35-cpaa-10-001] Of particular interest is the unanswered question of how modulation of a molecule that regulates the release of all neurotransmitters, excitatory and inhibitory alike, results in inhibition of seizures.

BRV was synthesized in a large medicinal chemistry-discovery effort by UCB Pharma to synthesize molecules with greater binding affinity than LEV to SV2A. Approximately 12,000 molecules were evaluated: \~1,200 were tested in the audiogenic seizure-susceptible mouse model, and \~30 of these were evaluated extensively in diverse animal epilepsy models. BRV and seletracetam were two molecules selected for clinical development, with BRV developed to the approval stage.[@b17-cpaa-10-001]

BRV has 15- to 30-fold higher affinity for SV2A than LEV[@b16-cpaa-10-001] ([Figure 1](#f1-cpaa-10-001){ref-type="fig"}). Binding of LEV to SV2A results in reduced exocytosis of neurotransmitters[@b17-cpaa-10-001] and reduced neurotransmission in response to rapid-stimulus trains,[@b36-cpaa-10-001] possibly by blocking SV2A's effect on vesicle priming at the presynaptic membrane. LEV reduces vesicular release in a stimulation-dependent manner, suggesting that repetitive stimulation is required to allow LEV entry into recycling synaptic vesicles and intravesicular binding to SV2A.[@b37-cpaa-10-001] LEV appears to target preferential hyperactive synapses,[@b38-cpaa-10-001] enter synaptic vesicles during recycling and endocytosis, and escape during synaptic fusion.[@b20-cpaa-10-001] LEV reverses the effects of overexpressed SV2A.[@b33-cpaa-10-001]

While the anticonvulsant effect of BRV or LEV binding to SV2A is not fully understood, one hypothesis is that ligand binding to SV2A may stabilize a certain conformation of the protein, resulting in a potentiation or optimization of its function, thereby providing seizure protection.[@b39-cpaa-10-001] Rat hippocampal slice research comparing BRV and LEV using high-frequency neuronal stimulation have suggested that BRV augments synaptic depression and decreases synaptic transmission at 100-fold lower concentrations than LEV.[@b40-cpaa-10-001] In studies with dye-loaded vesicles, BRV slowed stimulation-induced vesicle release significantly more than LEV, indicating that BRV reduces vesicle mobilization more effectively than LEV.[@b40-cpaa-10-001]

It is possible that different binding properties for LEV and BRV to the SV2A protein may contribute to their different pharmacological efficacies. In studies with the SV2A positive allosteric modulator UCB 1244283 in HEK293 cells, which express human recombinant SV2A, and in human cortex, \[^3^H\]BRV labeled twice as many sites as \[^3^H\]LEV.[@b41-cpaa-10-001] Moreover, coincubation of \[^3^H\]LEV with the allosteric modulator produced only a modest increase in affinity for SV2A but a twofold increase in maximum binding capacity. In contrast, coincubation of \[^3^H\]BRV with the modulator increased the affinity much more (around tenfold) while the increase in maximum binding capacity was more modest (1.3-fold)[@b41-cpaa-10-001] ([Figure 2](#f2-cpaa-10-001){ref-type="fig"}). This suggests differential interaction of BRV and LEV with SV2A, which may provide the molecular correlate to their distinct pharmacodynamic properties.

Current evidence indicates that conventional modes of action of other AEDs do not contribute significantly to the antiepileptic properties of BRV. This contrasts with LEV, which inhibits α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors[@b42-cpaa-10-001] and high-voltage-gated calcium currents,[@b43-cpaa-10-001] in addition to SV2A binding. BRV exerts no direct effect on AMPA, GABA, glycine, or kainic acid-gated currents, and has only a minor inhibitory action on *N*-methyl-[d]{.smallcaps}-aspartate (NMDA)-receptor activity at supratherapeutic concentrations.[@b17-cpaa-10-001],[@b44-cpaa-10-001] It has no effect on voltage-gated potassium channels[@b45-cpaa-10-001] or high- and low-voltage-gated calcium channels at therapeutically relevant concentrations.[@b46-cpaa-10-001] Although an early patch-clamp study in rat neocortical neurons suggested that inhibition of voltage-gated sodium channels may contribute an additional mode of action for BRV,[@b47-cpaa-10-001] subsequent studies demonstrated that while BRV inhibited sodium currents to a lesser extent than in the initial study, this effect was not observed in CA1 pyramidal neurons from adult mice. Importantly, BRV had no effect against sustained repetitive firing in these neurons, suggesting that BRV's antiepileptic mechanism is unrelated to effects on voltage-gated sodium channels.[@b45-cpaa-10-001],[@b48-cpaa-10-001],[@b49-cpaa-10-001]

Preclinical profile
===================

BRV is highly lipid-soluble (LogDpH7.4 1.04), comparable with benzodiazepines and phenytoin and more so than LEV.[@b50-cpaa-10-001] It enters the brain rapidly, crosses the blood--brain barrier via passive diffusion, and engages SV2A, the target molecule within minutes of intravenous (IV) administration.[@b17-cpaa-10-001],[@b51-cpaa-10-001],[@b52-cpaa-10-001] This speed of entry into the brain has been evaluated in a series of experiments. In audiogenic seizure-susceptible mice, a single oral administration of BRV resulted in simultaneous maximal peak plasma levels and maximal anticonvulsant effect.[@b50-cpaa-10-001] By contrast, LEV's maximal anticonvulsant activity occurred 1 hour after maximum plasma peak level. In ex vivo binding studies in the same model, maximal SV2A occupancy and antiepileptic activity occurred 5--15 minutes after intraperitoneal injection with BRV versus 30--60 minutes with LEV.[@b16-cpaa-10-001] In rhesus monkeys, PET imaging using the SV2A radioligand PET tracer \[^11^C\]UCB-J after a single IV injection with BRV 5 mg/kg or LEV 30 mg/kg found that drug-entry half-time was 3 minutes for BRV and 23 minutes for LEV ([Figure 3](#f3-cpaa-10-001){ref-type="fig"}).[@b50-cpaa-10-001] In a related PET study in four healthy human volunteers, the drug entry half-time of \[^11^C\]UCB-J after a 5-minute IV infusion was 7 minutes with BRV 100 mg compared with 22 minutes for LEV 1,500 mg.[@b51-cpaa-10-001] New data from nine human volunteers found drug-entry half-time of \[^11^C\]UCB-J after a 5-minute IV infusion was 2, 10, and 22 minutes with BRV 200, 100, and 50 mg, respectively, compared with 20 minutes for LEV 1,500 mg.[@b52-cpaa-10-001] Both studies indicate a similarly fast speed of brain entry and SV2A binding by BRV in humans. There is no transporter-mediated efflux of BRV from the brain.[@b53-cpaa-10-001]

Preclinical seizure models
--------------------------

In line with its greater affinity for SV2A compared with LEV, BRV has demonstrated higher potency than LEV in a range of animal models of epilepsy ([Table 2](#t2-cpaa-10-001){ref-type="table"}).[@b17-cpaa-10-001] Unlike LEV, BRV is effective in classical maximal electric seizure and pentylenetetrazole models, albeit at high concentrations. BRV provides more potent protection than LEV against secondary generalized seizures in models of focal epilepsy, such as cornea-kindled mice, hippocampus-kindled rats, and the 6 Hz seizure model in mice.[@b54-cpaa-10-001],[@b55-cpaa-10-001] In the 6 Hz cornea-kindling model in mice, BRV's seizure-protection potency was several-fold higher than LEV against both partial and secondary generalized seizures.[@b56-cpaa-10-001],[@b57-cpaa-10-001] BRV appeared more effective than LEV for seizure suppression in the drug-resistant epilepsy model of amygdala-kindled mice: BRV dose-dependently (6.8--212.3 mg/kg) reduced seizure severity with near-complete suppression of seizures at the highest tested doses, while LEV (17--1,700 mg/kg) provided only limited protection.[@b55-cpaa-10-001]

BRV is also more effective than LEV in models of primary generalized epilepsy. It provides complete suppression of seizures in the genetic model of audiogenic seizure-susceptible mice and complete suppression of spontaneous spike-and-wave discharges in the genetic absence epilepsy rat from Strasbourg (an absence model), in contrast to LEV.[@b17-cpaa-10-001],[@b55-cpaa-10-001],[@b58-cpaa-10-001] BRV has tenfold-higher potency than LEV against both myoclonus and generalized seizures in rat posthypoxic myoclonus.[@b59-cpaa-10-001]

Status epilepticus
------------------

BRV had a potent effect in a model of self-sustaining status epilepticus (SSSE).[@b60-cpaa-10-001] It shortened the cumulative seizure time in established SSSE from 467 minutes in control rats to 71 and 5 minutes at 20 and 300 mg/kg doses of BRV, respectively. Lower doses of BRV (0.3--10 mg/kg) were markedly more effective when administered in combination with diazepam 1 mg/kg, suggesting the possibility of a synergistic interaction. SSSE induction resulted in subsequent development of spontaneous recurrent seizures in control rats. However, acute treatment of SSSE with BRV 300 mg/kg alone or BRV 1--10 mg/kg in combination with diazepam prevented or reduced the frequency of spontaneous recurrent seizures.

Epileptogenesis
---------------

In addition to the reduction of spontaneous recurrent seizures after SSSE,[@b60-cpaa-10-001] BRV pretreatment with 6.8 mg/kg persistently reduces the incidence of seizures in cornea-kindled mice, another model of epileptogenesis, by approximately 50%, whereas LEV is ineffective.[@b55-cpaa-10-001] These studies suggest that BRV may have antiepileptogenic potential.

Pharmacokinetic profile
=======================

Key pharmacokinetic (PK) parameters for BRV are summarized in [Tables 3](#t3-cpaa-10-001){ref-type="table"} and [4](#t4-cpaa-10-001){ref-type="table"}, and have been recently reviewed.[@b17-cpaa-10-001],[@b61-cpaa-10-001] Following single oral doses or multiple daily doses, BRV is rapidly absorbed with a median time to maximum concentration (*t*~max~) of approximately 1 hour.[@b62-cpaa-10-001],[@b63-cpaa-10-001] High-fat food delays *t*~max~ (3 hours) and decreases maximum concentration (*C*~max~), but has no effect on area under the plasma concentration--time curve (AUC),[@b63-cpaa-10-001] and there is only weak plasma binding of \<20%.[@b64-cpaa-10-001] Saliva and plasma levels of BRV are highly correlated,[@b62-cpaa-10-001] and the volume of distribution is slightly lower than total body water.[@b62-cpaa-10-001]--[@b64-cpaa-10-001]

BRV is extensively metabolized, primarily by hydrolysis of the acetamide group to the carboxylic acid metabolite by an amidase,[@b65-cpaa-10-001],[@b66-cpaa-10-001] followed by hydroxylation by cytochrome P450 (CYP)2C9 to form a hydroxy-acid metabolite. β-Oxidation of the propyl side chain, mainly by CYP2C19, forms a secondary pathway. The three main metabolites (acid, hydroxy, and hydroxy acid) are not active. More than 95% of the BRV dose is eliminated in the urine within 72 hours, 8.6% is eliminated unchanged, and the rest is excreted as metabolites.[@b64-cpaa-10-001],[@b67-cpaa-10-001] Mean half-life (*t*~½~) was \~9 hours and plasma clearance was 3.4 L/hour following a single BRV 50 mg oral dose in healthy participants.[@b68-cpaa-10-001] In PK studies in healthy volunteers, the maximum tolerated single dose of BRV was 1,000 mg, and with 14-day repeated dosing persistent side effects (sedation) occurred at 800 mg/day.[@b62-cpaa-10-001],[@b63-cpaa-10-001]

Factors affecting PK parameters
-------------------------------

PK parameters in healthy participants are not significantly affected by age.[@b69-cpaa-10-001] In participants aged \>75 years, *t*~½~ is slightly longer and clearance slightly lower compared with those aged 65--75 years; however, these changes are not considered significant enough to require a dose adjustment in elderly patients.[@b70-cpaa-10-001]

PK parameters of BRV in adult epilepsy patients do not appear to be affected by age, sex, race, or creatinine clearance.[@b71-cpaa-10-001] Concomitant use of enzyme-inducing AEDs has been shown to increase BRV clearance.[@b71-cpaa-10-001] However, this PK effect is not considered to be clinically relevant: concomitant inducer AEDs did not influence the efficacy of BRV in a dose--response analysis of Phase II study data.[@b72-cpaa-10-001] In pediatric epilepsy patients, population PK analysis found that BRV exposure was reduced by 29% and 32% with concomitant administration of phenobarbital and carbamazepine, respectively, and increased by 11% with valproate.[@b69-cpaa-10-001]

The influence of the *CYP2C19* genotype on BRV PKs has been studied in Japanese patients,[@b73-cpaa-10-001] as the poor-metabolizer genotype is found in up to 20% of Asian populations compared with 2%--3% in Caucasian and black populations.[@b74-cpaa-10-001]--[@b76-cpaa-10-001] In healthy Japanese men with poor-metabolizer genotype (mutations \*2 and \*3 of *CYP2C19*), formation of the hydroxy metabolite was reduced tenfold. However, there was only a 29% reduction in BRV clearance, which was not considered clinically significant. No dose adjustment was required in these patients.[@b73-cpaa-10-001]

Renal clearance of the parent compound is low in healthy participants (\~0.04 mL/min/kg).[@b62-cpaa-10-001] In patients with severe renal impairment, BRV exposure is increased by 21%, with a greater increase in levels of the acid, hydroxy, and hydroxy-acid metabolites.[@b77-cpaa-10-001] Toxicology research has identified no safety concerns arising from increased levels of these metabolites; therefore, it is unlikely that dose adjustment of BRV would be required in patients with renal dysfunction.[@b77-cpaa-10-001] It should be noted that this study did not include patients with end-stage renal disease undergoing dialysis. Metabolic clearance of BRV is reduced in patients with hepatic impairment, resulting in increased BRV exposure in mild, moderate, and severe liver disease of 50%--60%.[@b78-cpaa-10-001] This requires a BRV dose reduction of up to half in patients with liver impairment of any severity.[@b15-cpaa-10-001]

Formulation-bioequivalence studies
----------------------------------

In bioequivalence research on IV and oral tablet administration, an IV bolus of BRV 100 mg was bioequivalent to the oral formulation in terms of dose-normalized AUC, but not for dose-normalized *C*~max~, which was 28% higher versus the 50 mg oral tablet and 21% higher versus the 100 mg tablet.[@b79-cpaa-10-001] However, the plasma concentration--time profile was similar for the IV bolus and the two oral tablets after the first hour. Overall, the data indicated similar bioavailability, with no dose adjustment required when switching from oral to IV administration.[@b79-cpaa-10-001] An oral solution of BRV compared with the 50 mg oral tablet also demonstrated bioequivalence, with an earlier *t*~max~ but similar *C*~max~ and AUC.[@b68-cpaa-10-001]

Drug--drug interactions
=======================

The potential of BRV to reduce the activity of CYP450 enzymes is low. BRV has no significant effect on the activity of CYPs in human hepatocytes. When coadministered with midazolam, which is extensively metabolized by CYP3A isoenzymes, BRV doses of up to 150 mg/day have no significant effects on CYP3A activity in healthy participants.[@b80-cpaa-10-001]

Gemfibrozil, a CYP2C9 inhibitor with the CYP2C8 inhibitor 1-*O*-β-glucuronide metabolite, has no effect on plasma- or urinary-excreted BRV, nor on hydroxy and carboxylic acid metabolites in healthy participants.[@b81-cpaa-10-001] The only observed change is a modest decrease in plasma and urinary levels of the hydroxy-acid metabolite. As gemfibrozil does not affect the PKs of unchanged BRV, BRV can be safely coadministered with CYP2C8 or CYP2C9 inhibitors.[@b81-cpaa-10-001] A study of the effects of the antibiotic rifampin (an inducer of CYP3A4, -2B6, -2C8, -2C9, and -2C19) on the PKs of BRV reported a 45% decrease in BRV AUC in the presence of rifampin, indicating that an increase in BRV dose may be required in patients receiving concomitant rifampin.[@b66-cpaa-10-001] Rifampin also increased the AUC of the BRV hydroxy metabolite by 109% and decreased the AUC of the carboxylic acid metabolite by 53%.[@b66-cpaa-10-001]

A large study of adult epilepsy patients (n=1,771) enrolled across five BRV clinical studies analyzed the effects of BRV treatment on plasma concentrations of concomitant AEDs.[@b82-cpaa-10-001] BRV did not affect steady-state plasma concentrations of LEV, carbamazepine, lacosamide, lamotrigine, 10-hydroxyoxcarbazepine, phenobarbital, pregabalin, phenytoin, topiramate, valproate, or zonisamide. Levels of carbamazepine epoxide, the active metabolite of carbamazepine, were significantly increased due to BRV-mediated inhibition of epoxide hydrolase, the enzyme that metabolizes carbamazepine epoxide. Geometric mean plasma concentrations of 1.76 μg/mL without BRV increased to 2.53 μg/mL, 2.57 μg/mL, and 3.25 μg/mL with BRV doses of 50, 100, and 200 mg/day, respectively.[@b82-cpaa-10-001] This was not, however, associated with clinical adverse events (AEs). No dose adjustment is required when BRV up to 200 mg/day is added to other commonly prescribed AEDs.[@b82-cpaa-10-001] In a safety analysis of a pooled pivotal BRV Phase III population (n=1,558),[@b83-cpaa-10-001] BRV-treated patients had a similar incidence of treatment-emergent AEs (TEAEs) commonly associated with carbamazepine toxicity in the carbamazepine group (22.7%) and the non-carbamazepine group (22.6%). The non-carbamazepine group experienced more serious AEs (SAEs; 3.4% vs 1.1%) and more discontinuations due to TEAEs (8.6% vs 2.9%) than the carbamazepine group. There was no association between carbamazepine epoxide levels and toxicity symptoms.[@b83-cpaa-10-001] The effects of BRV administration on the PKs of carbamazepine in adults with epilepsy were further evaluated in a Phase I, open-label, dose-escalation study.[@b84-cpaa-10-001] In patients treated with carbamazepine (n=9) or carbamazepine and valproate (n=9), carbamazepine epoxide plasma concentrations were approximately doubled by BRV 100 mg or 200 mg twice daily. There was no change in carbamazepine, carbamazepine diol, or valproate levels, and no clinical AEs. Therefore, no adjustment in BRV dose is required when used concomitantly with carbamazepine.

In in vitro studies, BRV weakly inhibits phenytoin metabolism through CYP2C19 inhibition. A PK interaction study in patients with epilepsy demonstrated that a supratherapeutic BRV dose of 400 mg/day increased phenytoin exposure by approximately 20%.[@b85-cpaa-10-001] The recommended doses of BRV are not predicted to have an effect on phenytoin exposure.[@b85-cpaa-10-001]

No interaction between BRV 100 mg/day and combination oral contraceptives (OCs; 30 μg ethinyl estradiol, 150 μg levonorgestrel) has been observed in healthy women (n=28), with no BRV effect on plasma concentrations of ethinyl estradiol or levonorgestrel and no OC effect on BRV trough levels.[@b86-cpaa-10-001] Supratherapeutic doses of BRV 400 mg/day and concomitant OC use in healthy women (n=24) resulted in a 27% reduction in plasma levels of ethinyl estradiol and a 23% reduction in levonorgestrel levels. However, there was no change in levels of endogenous hormones, and no ovulation occurred in any individual.[@b87-cpaa-10-001]

Although no clinically relevant PK interactions have been observed between BRV and alcohol, administration of BRV has been reported to increase the effects of alcohol on psychomotor function, attention, and memory in healthy males.[@b88-cpaa-10-001] Unlike LEV, BRV is not a substrate of the transporters MDR1 (Pgp1), MRP1, and MRP2.[@b53-cpaa-10-001] MDR1 and MRP2 are efflux drug transporters thought to be overexpressed in patients with pharmacoresistant epilepsy.[@b89-cpaa-10-001]

Efficacy, safety, and tolerability of adjunctive brivaracetam in patients with epilepsy
=======================================================================================

Phase IIA study
---------------

The clinical potential of BRV was first demonstrated in a subject-blind, placebo-controlled study in 18 patients with primary generalized epilepsy with photoparoxysmal electroencephalography response (NCT00401648).[@b90-cpaa-10-001] Intermittent photic stimulation was performed before and after a single dose of placebo or BRV. A single BRV dose of 10, 20, 40, or 80 mg abolished generalized photoparoxysmal electroencephalography response in 78% of patients compared with none after placebo. The overall effect was not dose-dependent, but time to maximal response was dose-related (shortest after BRV 80 mg \[0.5 hours\]), as was the duration of response, which was twice as long after BRV 80 mg (59.5 hours) compared with lower doses. BRV was well tolerated, with no reports of SAEs. The majority of TEAEs were mild or moderate in intensity. The most common was dizziness (n=5), which usually lasted \<2 hours after BRV administration.

Phase IIB dose-ranging studies
------------------------------

Two double-blind, placebo-controlled, dose-ranging Phase IIB studies evaluated the efficacy and safety of adjunctive BRV doses of 5--150 mg/day in adults with uncontrolled focal epilepsy. NCT00175825 randomized BRV 5 mg/day, 20 mg/day, 50 mg/day, or placebo without uptitration (n=208).[@b91-cpaa-10-001] A significant difference in the primary efficacy outcome of percentage reduction over placebo in baseline-adjusted focal seizure frequency/week was observed for the 50 mg/day dose. In secondary efficacy outcomes, median percentage reduction from baseline in focal seizure frequency/week was significantly different from placebo for 50 mg/day and 20 mg/day, but not 5 mg/day; ≥50% responder rates were significantly higher than placebo with all BRV doses. BRV was well tolerated, with a low incidence of discontinuations due to TEAEs. The most common TEAEs were headache (placebo 7.4% vs BRV 5 mg/day 8%; 20 mg/day 3.8%; 50 mg/day 1.9%), somnolence (7.4% vs 2.0%, 5.8%, 5.8%), influenza (7.4% vs 8.0%, 0, 1.9%), dizziness (5.6% vs 2.0%, 0, 7.7%), neutropenia (1.9% vs 8.0%, 3.8%, 0), and fatigue (3.7% vs 0, 3.8%, 5.8%).

NCT00175929 randomized 157 patients to receive BRV 50 mg/day, BRV 150 mg/day, or placebo.[@b92-cpaa-10-001] A 3-week uptitration period was followed by a 7-week maintenance period. Percentage reduction over placebo in baseline-adjusted focal seizure frequency/week during the maintenance period (primary efficacy outcome) did not reach statistical significance for either dose of BRV, but significant differences were observed in several secondary efficacy outcomes. BRV was again well tolerated, with the most common TEAEs reported as headache, fatigue, nasopharyngitis, nausea, somnolence, dizziness, and urinary tract infection.

Phase III studies
-----------------

### Pivotal Phase III studies

The pivotal Phase III BRV studies comprised three similarly designed, prospective, multicenter, randomized, double-blind, placebo-controlled, parallel-group trials that evaluated fixed dosing of adjunctive BRV (5--200 mg/day) with no uptitration over a 12-week treatment period following an 8-week baseline period, in adult patients with uncontrolled focal seizures treated with one or two AEDs. Efficacy results for the three studies are summarized in [Table 5](#t5-cpaa-10-001){ref-type="table"}.

In NCT00464269 (N01253), patients were randomized to receive BRV 5 mg/day, 20 mg/day, or 50 mg/day.[@b93-cpaa-10-001] Percentage reduction over placebo in baseline-adjusted partial-onset seizure frequency/week during the 12-week treatment period (the primary efficacy end point) was significant for the 50 mg/day dose only (5 mg/day --0.9, *P*=0.885; 20 mg/day 4.1, *P*=0.492; 50 mg/day 12.8, *P*=0.025) ([Table 5](#t5-cpaa-10-001){ref-type="table"}). Secondary end points, including ≥50% responder rate and median percentage reduction from baseline in seizure frequency/week, were also significantly different from placebo for the 50 mg/day dose only ([Table 5](#t5-cpaa-10-001){ref-type="table"}).

BRV doses of 20 mg/day, 50 mg/day, and 100 mg/day were evaluated in NCT00490035 (N01252).[@b94-cpaa-10-001] To control for multiplicity, comparison of BRV with placebo was sequential (50 mg/day, 100 mg/day, 20 mg/day). BRV 50 mg/day was required to demonstrate superiority over placebo to meet the primary efficacy end point: percentage reduction over placebo in baseline-adjusted seizure frequency/week during the 12-week treatment period. Based on this criterion, the primary efficacy end point was not met (20 mg/day 6.8, *P*=0.239; 50 mg/day 6.5, *P*=0.261; 100 mg/day 11.7, *P*=0.037), although percentage reduction over placebo in seizure frequency, median percentage reduction from baseline in seizure frequency, and ≥50% responder rate were significant for BRV 100 mg/day ([Table 5](#t5-cpaa-10-001){ref-type="table"}).

Due to the negative outcome of the primary efficacy end point of NCT00490035, a confirmatory study (NCT01261325; N01358) assessed higher BRV doses of 100 mg/day and 200 mg/day (n=768).[@b95-cpaa-10-001] Based on the results of the two previous studies, patients exposed to LEV within 90 days prior to enrollment were excluded from this study. The coprimary efficacy outcomes reached statistical significance for both doses: percentage reduction over placebo in baseline- adjusted seizure frequency/28 days (100 mg/day 22.8, *P*\<0.001; 200 mg/day 23.2, *P*\<0.001) and ≥50% responder rate (placebo, 21.6%; 100 mg/day 38.9%, *P*\<0.001; 200 mg/day 37.8%, *P*\<0.001) ([Table 5](#t5-cpaa-10-001){ref-type="table"}). Secondary outcomes of median percentage reduction in seizure frequency from baseline and seizure freedom were also significantly different from placebo for both BRV doses. In this study, there did not appear to be a dose--response relationship between the 100 and 200 mg/day dosages, though previously one Phase III[@b93-cpaa-10-001] and one Phase II study[@b92-cpaa-10-001] had both observed dose--response effects. The study was carried out on four continents. Subgroup analysis showed regional variation in responses to the 200 mg/day dose. A notably higher response was seen with the 200 mg/day dose than with the 100 mg/day dose in North America and Latin America, but not in Europe or Asia.[@b95-cpaa-10-001] Placebo response for ≥50% responder rates also varied: it was highest in non-EU countries in Europe and lowest in Asia-Pacific/other countries. There was no clear explanation for these differences.

Efficacy analyses of LEV treatment in the first two studies (NCT00464269, NCT00490035) showed that patients never exposed to LEV had the highest response, while patients previously treated with LEV, but who had discontinued it, had lesser but still generally substantial responses. Patients treated concomitantly with LEV and BRV during the studies had a placebo-like response. In NCT00464269, ≥50% responder rates for placebo and BRV 50 mg/day were 16.4% and 40.3% in LEV-naïve patients, 18.2% and 35.0% in those with prior (failed) LEV use, and 15.8% and 5.3% in those with concomitant LEV use, respectively.[@b93-cpaa-10-001] In NCT00490035, ≥50% responder rates for placebo, BRV 50 mg/day, and 100 mg/day were 18.2%, 33.3%, and 43.1% for LEV-naïve, 22.2%, 21.4%, and 36.4% for prior LEV use, and 22.2%, 20.0%, and 15.0% for the concomitant LEV group, respectively.[@b94-cpaa-10-001] Because of this, the third pivotal Phase III study, NCT01261325, disallowed concomitant LEV use.[@b95-cpaa-10-001] The design of the study included predetermined stratified subgroup analysis by prior LEV exposure. Response was higher in LEV-naïve patients than in patients previously treated with LEV, although BRV response was higher than for placebo in both subgroups. Percentage reduction over placebo in baseline-adjusted seizure frequency/28 days was 29.5% (*P*\<0.001) and 27.1% (*P*\<0.001) for BRV 100 mg/day and 200 mg/day, respectively, in LEV-naïve patients, and 15.8% (*P*=0.024) and 19.4% (*P*=0.005) in patients with previous LEV exposure. The ≥50% responder rates in LEV-naïve patients were 27.6%, 50.9% (*P*\<0.001), and 45.2% (*P*=0.008) for placebo, BRV 100 mg/day, and 200 mg/day, respectively, and 16.8%, 28.7% (*P*=0.016), and 31.3% (*P*=0.007) in patients with previous LEV exposure. Response appeared to be greater in patients who had failed LEV due to TEAEs rather than for lack of efficacy, although the subgroup sizes were insufficient for robust statistical comparison.

BRV was well tolerated in all the pivotal trials, with the majority of TEAEs being mild to moderate in intensity. The most commonly reported TEAEs seen more in BRV- than placebo-treated patients were somnolence, dizziness, and fatigue.

Pooled Phase III efficacy and tolerability
------------------------------------------

A pooled analysis of all three pivotal Phase III studies (NCT00490035, NCT00464269, and NCT01261325) was performed that included only those patients exposed to the effective doses, namely BRV 50, 100, and 200 mg/day.[@b96-cpaa-10-001] Patients treated concomitantly with LEV were excluded from the pooled efficacy analysis (n=1,160) but were included in the safety analysis (n=1,262). Median percentage reduction over placebo in baseline-adjusted focal seizure frequency/28 days was 19.5% for BRV 50 mg/day (*P*=0.0015), 24.4% for 100 mg/day (*P*\<0.00001), and 24.0% for 200 mg/day (*P*\<0.00001). Pooled ≥50% responder rates were 20.3% for placebo, 34.2% for 50 mg/day (*P*=0.0015), 39.5% for 100 mg/day (*P*\<0.00001), and 37.8% for 200 mg/day (*P*\<0.00003). Efficacy was greater for BRV 100 and 200 mg/day than BRV 50 mg/day, and there was no clear dose response from 100 to 200 mg/day. Secondary efficacy end points showed seizure-freedom rates of 2.5% (*P*=0.053), 5.1% (*P*\<0.001), and 4.0% (*P*=0.001) for BRV 50, 100, and 200 mg/day, respectively, compared with 0.5% for placebo. Categorized percentage reduction in focal seizure frequency is shown in [Figure 4](#f4-cpaa-10-001){ref-type="fig"}. The ≥75% responder rates were 6.9% for placebo and 13.0%, 21.4%, and 19.7% for BRV 50, 100, and 200 mg/day, respectively. Patients previously treated with five or more AEDs tended to have smaller reductions in seizure frequency than patients with less prior AED exposure ([Figure 5](#f5-cpaa-10-001){ref-type="fig"}).

The pooled Phase III safety population data showed that 90.0%--93.9% of patients completed the studies.[@b96-cpaa-10-001] TEAEs were reported in 68.0% of patients receiving BRV and 62.1% of patients receiving placebo ([Table 6](#t6-cpaa-10-001){ref-type="table"}). Most of the TEAEs were mild to moderate. Discontinuation rates because of TEAEs were 5.0%, 7.6%, and 6.8% for patients treated with 50, 100, and 200 mg/day, compared with 3.9% of placebo-treated patients. The most common TEAEs in BRV-treated patients were somnolence (15.2% vs 8.5% for placebo), dizziness (11.2% vs 7.2%), headache (9.6% vs 10.2%), and fatigue (8.7% vs 3.7%) ([Table 6](#t6-cpaa-10-001){ref-type="table"}). There were no clinically relevant differences in TEAE incidence for the different starting doses, except for a dose--response relationship for somnolence and fatigue. SAEs occurred in 3.0% of BRV-treated patients and 2.8% of placebo-treated patients. There were four deaths: one sepsis (placebo) and three sudden unexpected deaths in epilepsy (SUDEPs; one with BRV 50 mg/day 2 weeks after the last confirmed intake of BRV, and two with BRV 200 mg/day 1 and 9 days after the last confirmed dose of BRV). Two patients (0.2%) taking BRV and three (0.7%) taking placebo reported suicidal ideation. There were no reported suicide attempts. There were no significant changes in clinical chemistry, urine analysis, vital signs, or body weight, and no clinically meaningful changes for hematology parameters, apart from a small reduction in neutrophil counts with BRV (four patients, 0.5%) compared with placebo (no patients), but no associated infections were reported.

Phase III flexible-dose safety study
------------------------------------

The fourth oral Phase III study was a flexible-dose study of BRV 20--150 mg/day (NCT00504881).[@b97-cpaa-10-001] This was the only Phase III study that included patients with primary generalized epilepsy (n=49 of 480 patients). BRV was initiated at 20 mg/day and increased to 50, 100, or 150 mg/day, at 2-week intervals during an 8-week dose-finding period, followed by an 8-week maintenance period. TEAEs were similar to the three pivotal studies. The ≥50% responder rate for focal seizures was significantly higher with BRV (30.3%, *P*=0.006) compared with placebo (16.7%). In an exploratory analysis of patients with generalized seizures, the median percentage reduction from baseline in primary generalized seizure days/week was 42.6% with BRV compared with 20.7% with placebo; ≥50% responder rate was 44.4% with BRV versus 15.4% in placebo-treated patients.

Secondary Phase III analyses and other studies
----------------------------------------------

A number of secondary analyses of pooled data from patients receiving BRV 50, 100, and 200 mg/day in the three pivotal Phase III studies have been published.

### Efficacy in secondarily generalized seizures

In the pooled Phase III population, 409 patients had secondarily generalized tonic--clonic seizure (SGTCS) at baseline.[@b98-cpaa-10-001] Median baseline SGTCS frequency was 3.0 per 28 days. The median percentage reduction from baseline in SGTCS frequency/28 days was 33.3% for placebo, 66.6% for BRV 50 mg/day (*P*\<0.001), 61.2% for BRV 100 mg/day (*P*=0.002), and 82.1% for BRV 200 mg/day (*P*\<0.001). The ≥50% responder rate for SGTCS was 33.0% for placebo, 61.3% for BRV 50 mg/day (*P*=0.003), 55.0% for BRV 100 mg/day (*P*\<0.001), and 64.0% for BRV 200 mg/day (*P*\<0.001) ([Figure 6](#f6-cpaa-10-001){ref-type="fig"}). SGTCS freedom occurred in 14.8%, 22.6%, 31.0%, and 36.0% of patients treated with placebo, BRV 50, 100, and 200 mg/day, respectively ([Figure 6](#f6-cpaa-10-001){ref-type="fig"}). Overall, 30.4% of patients became free from SGTCS during the 12-week treatment period when taking BRV ≥50 mg/day. Reported TEAEs were similar in the SGTCS safety population compared with the overall patient population.

### Speed of onset

As noted, BRV crosses the blood--brain barrier and engages the target SV2A molecule quickly. A drug-entry half-time of 7 minutes after IV injection was reported in initial data in human PET studies.[@b51-cpaa-10-001] Because BRV is well tolerated, it was initiated at target dose without titration in the three pivotal Phase III studies. The question whether these attributes, rapid brain entry and no titration, translate into clinical benefit was addressed in a post hoc analysis that evaluated speed of onset of efficacy of BRV across the pooled Phase III studies. Time to onset of sustained ≥50% responder status was assessed for patients receiving placebo or BRV 50 mg/day, 100 mg/day, or 200 mg/day (n=1,160).[@b99-cpaa-10-001] Sustained responders were defined as patients who completed the entire treatment period, and were ≥50% responders from the first day of 50% reduction in seizure frequency until the end of the treatment period. The proportion of patients achieving sustained ≥50% responder status on day 1 was 6.7% for placebo, 15.5% for BRV 50 mg/day, 18.1% for BRV 100 mg/day, and 19.4% for BRV 200 mg/day (all *P*\<0.001 vs placebo; [Figure 7](#f7-cpaa-10-001){ref-type="fig"}), indicating that BRV has early, sustained efficacy in a significant proportion of patients. The incidence of TEAEs during the first week was similar to that in the overall treatment period.

### Prior exposure to AEDs

The observation that response to BRV is lower in patients with prior LEV-treatment failure raises the question whether this may be due to BRV and LEV acting on the same molecule -- SV2A. An analysis using pooled data from the three pivotal Phase III studies suggested a different possible reason. In this analysis, evaluation of patients receiving BRV 50--200 mg/day (n=1,160) by prior exposure to LEV and three other commonly used AEDs -- carbamazepine, topiramate, and lamotrigine -- showed that patients previously treated by any of these four AEDs all had reduced response to BRV compared with patients not previously treated by the same AEDs.[@b100-cpaa-10-001] A total of 578 patients had prior exposure to LEV, 424 to carbamazepine, 428 to topiramate, and 349 to lamotrigine. The proportion of patients who had previously had more than five AEDs fail was higher among previously LEV-, carbamazepine-, topiramate-, and lamotrigine-exposed subgroups (61%--69%) than among subgroups never exposed to those AEDs (13%--17%). Similarly, baseline seizure frequency among patients previously exposed to these four AEDs was higher (9.6--11.3 seizures/28 days) than among the unexposed patients (7.9--8.5 seizures/28 days) (response in the "prior fail" groups was higher than placebo for all of the AEDs studied). This suggests that the reduced response to BRV in patients previously treated by these AEDs compared with naïve patients may have been associated with greater disease severity in the exposed patients. [Table 7](#t7-cpaa-10-001){ref-type="table"} summarizes the ≥50% responder rate by prior AED and number of prior AEDs.

### Concomitant AED use

There has been much interest in the potential of combination therapy to improve treatment outcomes in refractory epilepsy. A separate post hoc analysis of the pooled pivotal Phase III trials studied the efficacy of BRV 50--200 mg/day with concomitant use of lamotrigine or topiramate in patients treated with only one of these two medications with or without a second concomitant AED (UCB Pharma, data on file, 28 October 2016). Percentage reduction over placebo in baseline-adjusted focal seizure frequency/28 days for BRV 50, 100, and 200 mg/day was 8.7%, 5.3%, and 8.9% in the lamotrigine subgroup (n=220) and 8.4%, 21.3%, and −4.2% in the topiramate subgroup (n=122). The ≥50% responder rate with concomitant lamotrigine or topiramate with BRV 50, 100, and 200 mg/day or placebo was 28.1%, 36.1%, 34.1%, and 29.1% for lamotrigine and 14.3%, 44.4%, 25.0%, and 17.5% for topiramate. This would suggest that there is minimal synergistic effect between BRV and lamotrigine or topiramate. The efficacy data are limited by the small number of patients in the groups, particularly in the topiramate group, and by the fact that the majority of patients were also on another AED. TEAEs were similar to the overall patient population, as were discontinuations due to TEAEs (lamotrigine 7.3% vs 6.3% with placebo, topiramate 8.2% vs 4.7% with placebo).

### Behavioral adverse events

The rate of psychiatric TEAEs in the pooled Phase III studies was relatively low. Overall, 13% of BRV-treated patients across the 50--200 mg/day doses experienced a psychiatric adverse reaction compared with 8% of placebo-treated patients, and 1.7% of BRV-treated patients discontinued study medication due to a psychiatric adverse reaction compared with 1.3% of placebo-treated patients.[@b15-cpaa-10-001] The most common psychiatric TEAEs were irritability (3.2% of BRV-treated patients vs 1.1% of placebo-treated patients), insomnia (2.9% BRV vs 1.5% placebo), anxiety (2.0% BRV vs 1.3% placebo), and depression (2.0% BRV vs 1.1% placebo). There were three cases of psychosis in the overall Phase III pooled patient population: one each in the placebo, BRV 50 mg/day, and BRV 100 mg/day groups (UCB Pharma, data on file, 18 September 2015).

LEV has been associated with nonpsychotic behavioral AEs. An exploratory, prospective, Phase IIIB open-label study was conducted in 29 adults with epilepsy who had experienced seizure control on LEV but had disabling non-psychotic behavioral AEs (NCT01653262).[@b101-cpaa-10-001] Patients were switched abruptly from their last full dose of LEV (1--3 g/day) to BRV target dose 200 mg/day without titration, and received BRV 200 mg for 12 weeks. Overall, 26 of 29 patients (89.7%) completed the study and 27 of 29 (93.1%) had clinically meaningful reductions in behavioral AEs, of which 18 of 29 (62.1%) achieved complete resolution of behavioral AEs. One patient experienced slight worsening and one marked worsening of behavioral AEs. Median time to behavioral AE resolution was 15 days after BRV initiation. One patient stopped BRV because of lack of efficacy. The results suggest that patients who experience behavioral AEs with LEV may benefit from switching to BRV treatment, but the data are limited by the open-label nature of the study and the small sample size.

### Patients with Unverricht--Lundborg disease

Two Phase III studies (NCT00357669 and NCT00368251) were conducted in patients with Unverricht--Lundborg disease (also called epilepsy with progressive myoclonus type I \[EPM1\]).[@b102-cpaa-10-001] In two randomized, double-blind, placebo-controlled, multicenter studies, patients aged ≥16 years with moderate--severe myoclonus and genetically confirmed EPM1 received placebo, BRV 50 mg/day, or BRV 150 mg/day (n=50) in one study, or placebo, BRV 5 mg/day, or BRV 150 mg/day (n=56) in the other study for a 2-week uptitration period and a 12-week maintenance period. BRV did not significantly improve median percentage reduction from baseline in action myoclonus score on the Unified Myoclonus Rating Scale, the primary outcome measure, versus placebo in either study. Action myoclonus scores showed wide intrapatient variability, and thus may not have been the best possible instrument for measuring myoclonus severity in this population. The tolerability profile of BRV across both studies was similar to Phase III studies in patients with focal seizures.

### Pooled long-term follow-up

Data from the BRV Phase IIB and Phase III long-term follow-up studies were pooled for an analysis of long-term, open-label safety/tolerability (n=2,186) and seizure-outcome data (n=1,836; NCT00175929, NCT00175825, NCT00490035, NCT00464269, NCT00504881, NCT01261325, NCT00175916, NCT00150800, NCT01339559, NCT01405508, NCT01653262, and NCT01728077).[@b103-cpaa-10-001] Total BRV exposure was 5,339 patient-years, with 41 patients treated for ≥8 years. Among patients with a modal dose of 50--200 mg/day, 6-month, 12-month, 24-month, and 60-month retention rates were 91.0%, 79.8%, 68.1%, and 54.4%, respectively. The most frequent TEAEs were headache (20.9%), dizziness (17.5%), somnolence (15.2%), nasopharyngitis (13.2%), fatigue (11.3%), and convulsion (10.6%). A total of 264 patients (12.1%) had a TEAE that resulted in discontinuation of BRV. The most frequently reported TEAEs leading to discontinuation were convulsion (1.4%), pregnancy (0.9%), somnolence (0.7%), depression (0.6%), dizziness (0.6%), fatigue (0.5%), suicidal ideation (0.5%), and suicide attempt (0.5%). SAEs were reported in 18.3% of patients, including 4.3% considered to be treatment-related by the investigator. The most common SAEs were convulsion (2.6%), status epilepticus (0.9%), epilepsy (0.6%), pneumonia (0.5%), suicidal ideation (0.5%), suicide attempt (0.5%), and fall (0.5%). There were 28 deaths (1.3%), including cancer (n=6), drowning (n=4), sudden unexpected death in epilepsy (SUDEP) (n=4), myocardial infarction (n=3), accident (n=2), and suicide (n=2). Four of the 28 deaths were considered to be possibly related to treatment with BRV by the investigator: two cases of SUDEP, one possible SUDEP event, and one suicide.

The most frequently reported psychiatric/behavioral side effects were depression (7.1%), insomnia (6.2%), irritability (5.2%), anxiety (4.9%), suicidal ideation (2.0%), depressed mood (1.8%), aggression (1.7%), nervousness (1.6%), and sleep disorder (1.6%). Thirteen patients (0.6%) attempted suicide. There was no evidence that these TEAEs increased with dose.

The median percentage reduction from baseline in focal seizure frequency/28 days was 48.8%, and the ≥50% responder rate was 48.7%. The median percentage reduction from baseline in focal seizure frequency/28 days increased over time from 43.1% for the 1,834 patients treated for 3 months to 77.0% for the 540 patients treated for 58--60 months ([Figure 8A](#f8-cpaa-10-001){ref-type="fig"}). The ≥50% responder rate increased from 43.5% for patients treated for 3 months to 71.0% for patients who were treated for 58--60 months ([Figure 8B](#f8-cpaa-10-001){ref-type="fig"}). Complete seizure freedom (all seizure types) was achieved in 4.9% patients for the first 6 months of BRV treatment, 4.2% for 12 months, 3% for 24 months, and 3.3% for 60 months.

Special populations
-------------------

### Elderly patients

Data from patients aged ≥65 years in the pivotal Phase III studies were pooled to assess the safety and efficacy of BRV 50--200 mg/day in elderly patients (n=32).[@b104-cpaa-10-001] Findings were consistent with those of the overall patient population. The most common TEAEs were headache (25.0% placebo, 12.5% BRV), paresthesia (0 placebo, 12.5% BRV), and somnolence (50.0% placebo, 12.5% BRV). SAEs were reported in no patients in the placebo group and 4.2% of patients in the BRV group. There were no deaths or treatment-related SAEs. Median percentage reduction from baseline in focal seizure frequency/28 days was 14.0% for placebo, 25.5% for BRV 50 mg/day, 49.6% for BRV 100 mg/day, and 74.9% for BRV 200 mg/day; and ≥50% responder rates were 14.3% for placebo, 25.0% for BRV 50 mg/day, 50.0% for BRV 100 mg/day, and 66.7% for BRV 200 mg/day.

### Pediatric studies

An oral solution of BRV was well tolerated in pediatric epilepsy patients aged 1 month to 16 years (n=99) in a Phase IIA, open-label, single-arm, multicenter study (NCT00422422; N01263).[@b105-cpaa-10-001] During a 3-week evaluation period, BRV was titrated based on patient age. TEAEs were reported in 66.7% of patients and treatment-related TEAEs were reported in 32.3% of patients. The most common TEAEs were convulsion (10.1%), irritability (8.1%), pyrexia (8.1%), and somnolence (8.1%). The most common treatment-related TEAEs were somnolence (7.1%) and decreased appetite (6.1%). The incidence of TEAEs was greater in patients aged between 1 month and 2 years compared with patients aged ≥2 years; however, drug-related TEAEs were less frequent in patients aged between 1 month and 2 years. SAEs were reported in 8.1% of patients; no deaths occurred.

Using data from this study, a population PK model of oral BRV in pediatric patients has been developed to provide guidance on dosing in the pediatric patient population.[@b69-cpaa-10-001] Simulations demonstrated that with an age-independent dosing regimen of 2 mg/kg twice daily up to a maximum of 100 mg twice daily for body weight \>50 kg, the majority of children were predicted to have an exposure similar to that in adult patients receiving 100 mg twice daily (the highest recommended dose).

### IV formulation

Several IV BRV-bioequivalence, PK, and safety/tolerability studies have been performed in healthy volunteers and in patients with refractory epilepsy (see the "Pharmacokinetic profile" section for bioequivalence studies). In an open-label Phase III randomized study evaluating the safety, tolerability, and PKs of IV BRV (NCT01405508), 105 patients with uncontrolled partial or generalized epilepsy treated with 1--2 AEDs received placebo or oral BRV 200 mg/day for 7 days, followed by a 2-minute bolus or 15-minute infusion of IV BRV 200 mg/day for 4.5 days.[@b106-cpaa-10-001] The study was completed by 98% of patients, and only two discontinued: one during the run-in period prior to BRV exposure because of a rash, and one during BRV infusion because of anxiety. IV BRV was well tolerated. The incidence of TEAEs was similar with the 2-minute bolus (71.2%) and 15-minute infusion (65.4%), and there was little difference in incidence of individual TEAEs between bolus- and infusion-treated patients. The two main AEs were somnolence and dizziness, which occurred in 19% bolus versus 25% infusion groups, and dizziness in 10% versus 6%. Other TEAEs included headache in 8% versus 6% in the bolus versus infusion groups, dysgeusia in 8% versus 0, infusion-site pain in 4% versus 6%, fatigue in 6% versus 2%, and postural orthostatic tachycardia syndrome in 6% versus 0. Dizziness tended to be more common in patients who received IV BRV after oral placebo (12%) than in patients who received IV BRV after oral BRV (4%), rash was also more common in the placebo/BRV group (6%) than the BRV/BRV group (0), and other TEAEs had similar frequencies in both groups. Severe TEAEs were reported by one patient (vertigo and nausea 12 days after the first BRV dose). There were no SAEs. Injection-related TEAEs were reported by 9.6% of patients who received bolus and 11.5% who received infusion. There were no clinically relevant abnormal findings in vital signs, laboratory tests, or electrocardiography.

Postmarketing studies
---------------------

### Status epilepticus (SE)

A retrospective chart-review study evaluated adjunctive BRV treatment in eleven patients with refractory SE at two German centers.[@b107-cpaa-10-001] The median number of previous anticonvulsants used since the onset of SE was four. Initial BRV doses were 50--400 mg (median 100 mg), titrated to 100--400 mg/day (median 200 mg/day). SE was stopped in the first 24 hours after BRV initiation in three patients (27%) and no further anticonvulsants given, in seven patients one to three further anticonvulsants were given before resolution, and one patient received one further anticonvulsant before death. No serious side effects were reported.

### Clinical practice experience

Two retrospective-review studies of BRV treatment have been published since BRV approval, both in Germany. In one, 101 patients with uncontrolled epilepsy were treated with adjunctive BRV for 6 months at a German tertiary epilepsy center.[@b108-cpaa-10-001] The median number of AEDs used prior to BRV was ten (range two to 18). BRV was started at ≥50 mg/day, and the mean maintenance dose was 168.6 mg/day (median 200 mg/day, range 50--400 mg/day). The responder rate was 27.8%, and 7% of patients achieved seizure freedom. TEAEs occurred in 37% of patients. The most common TEAEs were dizziness (16%) and somnolence (11%). Psychiatric TEAEs included irritability, aggression, depression, and psychosis (all n=1). The retention rate after 6 months was 51.5%. The main reason for discontinuation was lack of efficacy. LEV was switched to BRV in 43 patients abruptly and without complications. In 26 of these patients, BRV was reswitched to LEV within weeks, mainly due to a lack of better efficacy. Five of the 43 patients who switched from LEV to BRV experienced seizure exacerbation.

In the other retrospective-review study, a cohort of 262 epilepsy patients were treated with adjunctive BRV for at least 3 months and up to 12 months at multiple centers in Germany.[@b109-cpaa-10-001] Most patients (87%) had a diagnosis of focal epilepsy. The median number of previously used AEDs was four (range 0--17). Half of the patients (50.4%) in the cohort were receiving LEV before initiation of BRV and switched to BRV. Dose conversion from LEV to BRV used a median ratio of 10:1 for LEV doses ≤2,000 mg/day and 15:1 for LEV doses \>2,000 mg/day. In patients on LEV, BRV was started at 25--400 mg/day and reached a mean target dose of 175.7 mg/day (median 200 mg/day, range 50--400 mg/day). In 105 patients, LEV was switched to BRV from one dose to the next (median 1 day); in 28 patients LEV and BRV overlapped and the switch took a median of 12 days. In patients not on LEV, BRV was started at an initial dose of 10--200 mg/day and reached a mean target dose of 128.1 mg/day (median 100 mg/day, range 50--200 mg/day) in a median 7 days. The ≥50% responder rate at 6 months was 40.5% (77 of 192). Seizure freedom was achieved by 15.3% (29 of 192) of patients. TEAEs were reported in 37.8% of patients, most frequently somnolence/sedation (16.0%), dizziness (11.8%), and behavioral AEs, of which depressive mood change (9.1%) was the most common, followed by irritability (4.2%) and aggression (3.8%). Retention rate at 6 months was 75.8%. Of 51 patients previously on LEV who were switched to BRV due to TEAEs, 30 reported improvement in TEAEs, 17 had no change/undetermined, and four reported worsened TEAEs.

Conclusion
==========

BRV is the first selective and high-affinity SV2A ligand with high lipid-solubility, rapid brain penetration, and rapid onset of action. It has broad-spectrum antiepileptic activity in animal models of epilepsy, and Phase I studies indicated that single oral doses of 10--1,000 mg and repeated oral doses of up to 800 mg/day were well tolerated and showed a favorable PK profile. Three pivotal Phase III studies have demonstrated efficacy and a favorable safety and tolerability profile across doses of 50--200 mg/day of adjunctive treatment of refractory focal seizures. Long-term data indicate that the response to BRV is sustained, with good tolerability and retention rate. BRV is highly effective in patients experiencing SGTCS. Safety data to date suggest a favorable psychiatric AE profile, although limited postmarketing data are available to confirm the controlled-study data.

BRV penetrates the blood--brain barrier rapidly and engages the target molecule, SV2A, within minutes, faster than LEV. Its good tolerability allows dosing initiation at target doses without uptitration. Efficacy is seen on day 1 of oral use in a significant proportion of patients. IV administration as a 2-minute bolus or as a 15-minute infusion is well tolerated. This, together with its rapid occupancy of SV2A, suggests possible use in the treatment of acute seizures, to be explored in future studies.
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![Ex vivo binding of brivaracetam and levetiracetam in rat and human cerebral cortex.\
**Notes:** Republished with permission of Elsevier Science and Technology Journals, from Binding characteristics of brivaracetam, a selective, high affinity SV2A ligand in rat, mouse and human brain: relationship to anti-convulsant properties, Gillard M, Fuks B, Leclercq K, Matagne A, Volume 664, Edition (1--3), 2011; permission conveyed through Copyright Clearance Center, Inc.[@b16-cpaa-10-001]](cpaa-10-001Fig1){#f1-cpaa-10-001}

![Differential interaction of BRV and LEV with SV2A.\
**Notes:** Combination experiments assessing the impact of the allosteric SV2A modulator UCB 1244283 on \[^3^H\]BRV and \[^3^H\]LEV binding in recombinant cells expressing SV2A. A major increase in affinity (*K*~d~) for SV2A was seen for \[^3^H\]BRV, and maximum binding capacity (*B*~max~) increased for \[^3^H\]LEV, suggesting that BRV and LEV have differential interactions with SV2A. Republished with permission of John Wiley and Sons Inc, from Brivaracetam: rationale for discovery and preclinical profile of a selective SV2A ligand for epilepsy treatment, Klitgaard H, Matagne A, Nicolas JM, et al, Volume 57, Edition 4, 2016; permission conveyed through Copyright Clearance Center, Inc.[@b17-cpaa-10-001]\
**Abbreviations:** BRV, brivaracetam; LEV, levetiracetam.](cpaa-10-001Fig2){#f2-cpaa-10-001}

![Displacement of the SV2A PET tracer \[^11^C\]UCB-J after injection of 5 mg/kg BRV or 30 mg/kg LEV (administered intravenously 45 minutes after the PET tracer).\
**Notes:** The displacement graph shows the amount of radioactivity in the brain over time. The baseline curve (black squares) shows that the tracer by itself leaves the brain very slowly (gradual reduction in radioactivity over time). When BRV or LEV is administered, radioactivity in the brain is quickly reduced (dark blue circles and light blue triangles, respectively). This is because BRV and LEV displace the tracer. The BRV curve is steeper than the LEV curve, which means that BRV displaces the tracer more quickly than LEV does; therefore, it enters the brain more quickly than LEV. The steepness of these curves was used to estimate the speed of entry of LEV and BRV. Republished with permission of John Wiley and Sons Inc, from Brivaracetam, a selective high-affinity synaptic vesicle protein 2A (SV2A) ligand with preclinical evidence of high brain permeability and fast onset of action, Nicolas JM, Hannestad J, Holden D, et al, Volume 57, Edition 2, 2016; permission conveyed through Copyright Clearance Center, Inc.[@b50-cpaa-10-001]\
**Abbreviations:** BRV, brivaracetam; LEV, levetiracetam; PET, positron-emission tomography; SUV, standardized uptake value; TAC, time--activity curve.](cpaa-10-001Fig3){#f3-cpaa-10-001}

![Categorized percentage reduction in focal seizure frequency per 28 days in the pooled Phase III population. Adapted from Ben-Menachem E, Mameniškienė R, Quarato PP, et al. Efficacy and safety of brivaracetam for partial-onset seizures in three pooled clinical studies. Neurology. 2016;87(3):314--323.[@b96-cpaa-10-001] Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Wolters Kluwer. Please contact <healthpermissions@wolterskluwer.com> for further information.\
**Abbreviation:** BRV, brivaracetam.](cpaa-10-001Fig4){#f4-cpaa-10-001}

![Percentage reduction from baseline in focal seizure frequency by number of prior AEDs in the pooled Phase III population. Reproduced from Ben-Menachem E, Mameniškienė R, Quarato PP, et al. Efficacy and safety of brivaracetam for partial-onset seizures in three pooled clinical studies. Neurology. 2016;87(3):314--323.[@b96-cpaa-10-001] Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Wolters Kluwer. Please contact <healthpermissions@wolterskluwer.com> for further information.\
**Abbreviations:** AED, antiepileptic drug; BRV, brivaracetam.](cpaa-10-001Fig5){#f5-cpaa-10-001}

![Responder rates (≥50% and ≥75%) and complete freedom from SGTCS in the pooled Phase III population. Adapted from Elsevier Science and Technology Journals, Efficacy, safety, and tolerability of adjunctive brivaracetam for secondarily generalized tonic-clonic seizures: pooled results from three phase III studies, Moseley BD, Sperling MR, Asadi-Pooya AA, et al, Volume 127, 2016; permission conveyed through Copyright Clearance Center, Inc.[@b98-cpaa-10-001]\
**Abbreviations:** BRV, brivaracetam; SGTCS, secondarily generalized tonic--clonic seizure.](cpaa-10-001Fig6){#f6-cpaa-10-001}

![Kaplan--Meier plot of time to onset of sustained ≥50% responder status in the pooled Phase III population.\
**Notes:** For each day, *P* versus placebo was ≤0.003 for BRV 50 mg/day and \<0.001 for BRV 100 mg/day and 200 mg/day. Reproduced from John Wiley and Sons Inc, Time to onset of sustained ≥50% responder status in patients with focal (partial-onset) seizures in three phase III studies of adjunctive brivaracetam treatment, Klein P, Johnson ME, Schiemann J, Whitesides J, Volume 58, 2017; permission conveyed through Copyright Clearance Center, Inc.[@b99-cpaa-10-001]\
**Abbreviation:** BRV, brivaracetam.](cpaa-10-001Fig7){#f7-cpaa-10-001}

![Seizure reduction and responder rates. (**A**) Median (IQR) percentage reduction in focal seizures from baseline; (**B**) ≥50% responder rates over time for BRV modal doses 50--200 mg/day in pooled long-term follow-up analysis.\
**Notes:** Adapted with permission of John Wiley and Sons Inc, from Safety, tolerability, and seizure control during long-term treatment with adjunctive brivaracetam for partial-onset seizures, Toledo M, Whitesides J, Schiemann J, et al, Volume 57, Edition 7, 2016; permission conveyed through Copyright Clearance Center, Inc. © 2016 The Authors. Epilepsia published by Wiley Periodicals Inc. on behalf of International League Against Epilepsy.[@b103-cpaa-10-001]\
**Abbreviations:** BRV, brivaracetam; IQR, interquartile range.](cpaa-10-001Fig8){#f8-cpaa-10-001}

###### 

Overview of adjunctive AEDs: prescribing information and main findings from pooled analyses of pivotal studies

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  AED                                                           Mode of action                                                     Formulation      Oral dosing                                  *t*~½~ (hours)   Pooled efficacy from pivotal studies                                        Commonest TEAEs in pivotal studies                                          
  ------------------------------------------------------------- ------------------------------------------------------------------ ---------------- -------------------------------------------- ---------------- --------------------------------------------------------------------------- --------------------------------------------------------------------------- ----------------------------------------------------------------------------------
  Lacosamide[@b4-cpaa-10-001],[@b9-cpaa-10-001]                 Enhanced inactivation of voltage-gated sodium channels             Oral tablets\    Maintenance 200--400 mg/day (BID)            13               33.3% 200 mg/day (*P*\<0.05)[a](#tfn1-cpaa-10-001){ref-type="table-fn"}\    34.1% 200 mg/day (*P*\<0.05)[a](#tfn1-cpaa-10-001){ref-type="table-fn"}\    Dizziness, headache, nausea, diplopia[a](#tfn1-cpaa-10-001){ref-type="table-fn"}
                                                                                                                                   Oral solution\                                                                 36.8% 400 mg/day (*P*\<0.001)[a](#tfn1-cpaa-10-001){ref-type="table-fn"}\   39.7% 400 mg/day (*P*\<0.001)[a](#tfn1-cpaa-10-001){ref-type="table-fn"}\   
                                                                                                                                   IV                                                                             18.4% placebo[a](#tfn1-cpaa-10-001){ref-type="table-fn"}                    22.6% placebo[a](#tfn1-cpaa-10-001){ref-type="table-fn"}                    

  Rufinamide[@b8-cpaa-10-001],[@b11-cpaa-10-001]                Prolongs inactive state of sodium channels                         Oral tablets\    Maximum 3,200 mg/day (BID)                   6--10            32.7% (*P*=0.0015)[b](#tfn2-cpaa-10-001){ref-type="table-fn"}\              31.1% (*P*=0.0045)[b](#tfn2-cpaa-10-001){ref-type="table-fn"}\              Somnolence, vomiting[b](#tfn2-cpaa-10-001){ref-type="table-fn"}
                                                                                                                                   Oral solution                                                                  11.7% placebo[b](#tfn2-cpaa-10-001){ref-type="table-fn"}                    10.9% placebo[b](#tfn2-cpaa-10-001){ref-type="table-fn"}                    

  Ezogabine/retigabine[@b7-cpaa-10-001],[@b12-cpaa-10-001]      Activation of KCNQ potassium and enhanced GABA-mediated currents   Oral tablets     Maintenance 600--1,200 mg/day (TID)          7--11            26.4% 600 mg/day (*P*\<0.01)\                                               28.5% 600 mg/day (*P*\<0.001)\                                              Dizziness, somnolence, headache, fatigue
                                                                                                                                                                                                                  37.4% 900 mg/day (*P*\<0.001)\                                              36.6% 900 mg/day (*P*\<0.001)\                                              
                                                                                                                                                                                                                  14.3% placebo\                                                              16.7% placebo\                                                              
                                                                                                                                                                                                                  39.3% 1,200 mg/day (*P*\<0.001)\                                            39.8% 1,200 mg/day (*P*\<0.001)\                                            
                                                                                                                                                                                                                  14.9% placebo                                                               16.9% placebo                                                               

  Perampanel[@b5-cpaa-10-001],[@b13-cpaa-10-001]                Non-competitive AMPA-receptor antagonist                           Oral tablets     Maximum 12 mg/day (once daily)               105              23.3% 4 mg/day (*P*\<0.01)\                                                 28.5% 4 mg/day (*P*\<0.05)\                                                 Dizziness, somnolence, headache
                                                                                                                                                                                                                  28.8% 8 mg/day (*P*\<0.01)\                                                 35.3% 8 mg/day (*P*\<0.05)\                                                 
                                                                                                                                                                                                                  27.2% 12 mg/day (*P*\<0.01)\                                                35.0% 12 mg/day (*P*\<0.05)\                                                
                                                                                                                                                                                                                  12.8% placebo                                                               19.3% placebo                                                               

  Eslicarbazepine acetate[@b6-cpaa-10-001],[@b10-cpaa-10-001]   Inhibition of voltage-gated sodium channels                        Oral tablets     Maintenance 800--1,200 mg/day (once daily)   13--20           35% 800 mg (*P*\<0.0001)\                                                   36% 800 mg (*P*=0.0001)\                                                    Dizziness, somnolence, headache
                                                                                                                                                                                                                  39% 1,200 mg (*P*\<0.0001)\                                                 44% 1,200 mg (*P*\<0.0001)\                                                 
                                                                                                                                                                                                                  15% placebo                                                                 22% placebo                                                                 
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Pooled analysis of Phase II and Phase III studies;

pooled analyses not available for rufinamide; data based on one pivotal study.

**Abbreviations:** AED, antiepileptic drug; AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; BID, bis in die (twice daily); IV, intravenous; GABA, γ-aminobutyric acid; *t*~½~, half-life; TEAEs, treatment emergent adverse events; TID, ter in die (three times daily).

###### 

Seizure suppression of BRV and LEV in animal models of seizures and epilepsy

  Model                                                                                             BRV     LEV
  ------------------------------------------------------------------------------------------------- ------- -----------
  **Acute-seizure tests in normal animals**                                                                 
  Maximal electroshock seizures in mice (ED~50~, mg/kg, IP)                                         113.0   \>540.0
  Pentylenetetrazole seizures in mice (ED~50~, mg/kg, IP)                                           30.0    \>540.0
  **Partial-seizure models**                                                                                
  Cornea-kindled mice (secondarily generalized seizures) (ED~50~, mg/kg, IP)                        1.2     7.3
  Hippocampus-kindled rats (secondarily generalized seizures) (MAD, mg/kg, oral)                    0.2     54.0
  6 Hz seizures in mice (ED~50~, mg/kg, IP)                                                         4.4     19.2
  6 Hz fully kindled mice (ED~50~, mg/kg, IP)                                                               
   Partial seizures                                                                                 51.5    108.0
   Secondarily generalized seizures                                                                 3.5     18.7
  **Generalized seizure models**                                                                            
  Audiogenic-susceptible mice, clonic convulsions (ED~50~, mg/kg, IP)                               2.4     30.0
  Genetic absence epilepsy rat from Strasbourg, spike-wave discharges (MAD, mg/kg, IP)              6.8     5.4
  **Drug-resistant seizure models**                                                                         
  Phenytoin-resistant amygdala-kindled mice (ED~50~, mg/kg, IP), secondarily generalized seizures   68.3    \>540.0
  Amygdala-kindled rats, motor-seizure severity (MAD, mg/kg, IP)                                    21.2    170.0
  Amygdala-kindled rats, significant reduction of postdischarge duration (mg/kg, IP)                212.3   \>1,700.0
  **Status epilepticus**                                                                                    
  Significant reduction in duration of active seizures in SSSE compared to controls (mg/kg, IV)             
   Cumulative seizure time                                                                          20      200
   Duration of status epilepticus                                                                   10      500

**Note:** Reproduced froim Klitgaard H, Matagne A, Nicolas JM, et al. Brivaracetam: rationale for discovery and preclinical profile of a selective SV2A ligand for epilepsy treatment. *Epilepsia*. 2016;57(4):538--548.[@b17-cpaa-10-001]

**Abbreviations:** BRV, brivaracetam; ED~50~, effective dose, 50%; IP, intraperitoneal; IV, intravenous; LEV, levetiracetam; MAD, minimum active dose; SSSE, self-sustaining status epilepticus.

###### 

Pharmacokinetic parameters for BRV following single and multiple oral doses

                                                                    Single BRV dose (mg)[a](#tfn6-cpaa-10-001){ref-type="table-fn"}   Multiple BRV doses (200 mg/day)[b](#tfn7-cpaa-10-001){ref-type="table-fn"}                                                                                                                                                                                                                                     
  ----------------------------------------------------------------- ----------------------------------------------------------------- ---------------------------------------------------------------------------- --------------- ---------------- --------------- --------------- ------------------ --------------- --------------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------
  ***C*~max~ (µg/mL)**                                              0.31 (0.12)                                                       0.43 (0.07)                                                                  0.95 (0.23)     2.18 (0.37)      4.24 (0.85)     8.58 (1.36)     16.15 (2.02)       28.46 (4.63)    41.28 (9.96)    2.2 (14)                                               3.5 (22)                                               3.5 (20)
  ***t*~max~ (hours)[c](#tfn8-cpaa-10-001){ref-type="table-fn"}**   0.5 (0.5--2)                                                      1 (0.5--3)                                                                   1.26 (0.5--2)   0.5 (0.5--1.5)   0.75 (0.5--3)   1 (0.25--2)     0.75 (0.25--1.5)   1.25 (0.5--4)   1.75 (1--4)     2 (1--4)                                               2 (1--3)                                               2 (1--2)
  **AUC~0--∞~ (µg/mL/h)**                                           2.54 (0.38)                                                       4.5 (1.48)                                                                   9.74 (1.62)     19.66 (2.55)     43.12 (6.01)    84.25 (15.10)   170.0 (30.0)       316.9 (52.0)    464.6 (87.1)    27.5 (23)[d](#tfn9-cpaa-10-001){ref-type="table-fn"}   27.7 (21)[d](#tfn9-cpaa-10-001){ref-type="table-fn"}   28.0 (24)[d](#tfn9-cpaa-10-001){ref-type="table-fn"}
  ***t*~½~ (hours)**                                                8.06 (0.87)                                                       8.18 (1.56)                                                                  8.05 (1.38)     7.71 (0.96)      8.04 (1.04)     7.43 (1.09)     7.26 (1.02)        7.41 (1.26)     7.31 (1.25)     7.7 (20)                                               --                                                     7.3 (26)
  **CL/F (mL/min/kg)**                                              0.88 (0.09)                                                       1.07 (0.32)                                                                  0.95 (0.16)     0.95 (0.08)      0.82 (0.09)     0.86 (0.10)     0.83 (0.10)        0.73 (0.06)     0.70 (0.15)     0.83 (21)                                              0.83 (21)                                              0.82 (23)
  **V~z~/F (L/kg)**                                                 0.61 (0.08)                                                       0.73 (0.11)                                                                  0.65 (0.02)     0.63 (0.07)      0.57 (0.06)     0.54 (0.03)     0.52 (0.06)        0.46 (0.06)     0.44 (0.09)     0.55 (8.7)                                             --                                                     0.52 (11)
  **MRT (hours)**                                                   11.6 (1.71)                                                       11.9 (2.23)                                                                  11.9 (1.85)     11.1 (1.52)      11.9 (1.37)     11.8 (1.38)     10.7 (1.45)        11.1 (1.70)     11.3 (1.47)     11.8 (17)                                              --                                                     10.9 (26)
  **f~e~ (%)**                                                      3.22 (1.7)                                                        3.96 (0.87)                                                                  5.73 (1.26)     5.47 (1.75)      6.12 (1.77)     8.00 (4.14)     6.91 (2.03)        5.79 (1.82)     7.46 (1.45)     4.6 (30)                                               5.1 (47)                                               5.7 (49)
  **CL~R~ (mL/min/kg)**                                             0.07 (0.055)                                                      0.052 (0.023)                                                                0.063 (0.016)   0.059 (0.022)    0.057 (0.012)   0.081 (0.048)   0.066 (0.022)      0.049 (0.016)   0.061 (0.023)   0.04 (30)                                              0.04 (42)                                              0.05 (39)

**Notes:**

Arithmetic means (SD), n=6/dose;

geometric means (CV%), n=9;

median (range);

AUC extrapolated to infinity on day 1, AUC*~t~* on days 7 and 14. Adapted with permission of British journal of clinical pharmacology, from The pharmacokinetics, CNS pharmacodynamics and adverse event profile of brivaracetam after multiple increasing oral doses in healthy men, Rolan P, Sargentini-Maier ML, Pigeolet E, Stockis A, Volume 66, Edition 1, 2008; permission conveyed through Copyright Clearance Center, Inc.[@b62-cpaa-10-001] Adapted with permission of British journal of clinical pharmacology, from The pharmacokinetics, CNS pharmacodynamics and adverse event profile of brivaracetam after single increasing oral doses in healthy males, Sargentini-Maier ML, Rolan P, Connell J, et al, Volume 63, Edition 6, 2007; permission conveyed through Copyright Clearance Center, Inc.[@b63-cpaa-10-001]

**Abbreviations:** AUC, area under the (concentration--time) curve; BRV, brivaracetam; CL/F, apparent clearance; CL~R~, renal clearance; *C*~max~, maximum concentration; CV, coefficient of variation; f~e~, fraction of BRV dose excreted in urine over 24 hours (single dose and day 1) or over 12 hours (days 7 and 14); MRT, mean residence time; *t*~½~, half-life; *t*~max~, time to *C*~max~; V~z~/F, apparent volume of distribution.

###### 

Summary of key pharmacokinetic parameters

  ------------------------------------------------------------ -----------------------------------------------
  Bioavailability                                              Complete
  *t*~max~ (hours)                                             0.5--2[@b60-cpaa-10-001],[@b61-cpaa-10-001]
  Protein binding                                              ≤20%
  V~D~ (L/kg)                                                  0.5
  Time to steady state, after repeated administration (days)   ≤2
  *t*~½~ (hours)                                               9[a](#tfn11-cpaa-10-001){ref-type="table-fn"}
  ------------------------------------------------------------ -----------------------------------------------

**Note:**

Following a single 50 mg dose in healthy participants.[@b66-cpaa-10-001]

**Abbreviations:** *t*~½~, half life; *t*~max~, time to maximum plasma concentration; V~D~, volume of distribution.

###### 

Efficacy results from Phase III pivotal studies of adjunctive BRV in patients with uncontrolled focal seizures

  Study                                  BRV dose (mg/day)   Reduction over placebo in focal seizure frequency/week (%)   Reduction over placebo in focal seizure frequency/28 days (%)   Median reduction from baseline in focal seizure frequency/week (%)   ≥50% responder rate (%)   ≥75% responder rate (%)   ≥100% responder rate (%)   Seizure freedom (%)
  -------------------------------------- ------------------- ------------------------------------------------------------ --------------------------------------------------------------- -------------------------------------------------------------------- ------------------------- ------------------------- -------------------------- ---------------------
  N01253/NCT00464269[@b91-cpaa-10-001]   Placebo (n=96)      --                                                           --                                                              17.8                                                                 16.7                      --                        --                         0
  5 (n=96)                               --0.9 (*P*=0.885)   2.6 (*P*=0.758)                                              20 (*P*=0.991)                                                  21.9 (*P*=0.353)                                                     --                        --                        1.1                        
  20 (n=99)                              4.1 (*P*=0.492)     8.7 (*P*=0.292)                                              22.5 (*P*=0.386)                                                23.2 (*P*=0.239)                                                     --                        --                        1                          
  50 (n=101)                             12.8 (*P*=0.025)    22 (*P*=0.004)                                               30.5 (*P*=0.003)                                                32.7 (*P*=0.008)                                                     --                        --                        4                          
  N01252/NCT00490035[@b92-cpaa-10-001]   Placebo (n=100)     --                                                           --                                                              17.0                                                                 20.0                      --                        --                         0
  20 (n=99)                              6.8 (*P*=0.239)     10.2 (*P*=0.222)                                             30 (*P*=0.019)                                                  27.3 (*P*=0.339)                                                     --                        --                        2                          
  50 (n=99)                              6.5 (*P*=0.261)     9.2 (*P*=0.274)                                              26.8 (*P*=0.092)                                                27.3 (*P*=0.372)                                                     --                        --                        0                          
  100 (n=100)                            11.7 (*P*=0.037)    20.5 (*P*=0.01)                                              32.5 (*P*=0.004)                                                36.0 (*P*=0.023)                                                     --                        --                        4                          
  N01358/NCT01261325[@b93-cpaa-10-001]   Placebo (n=259)     --                                                           --                                                              17.6[a](#tfn13-cpaa-10-001){ref-type="table-fn"}                     21.6                      7.7                       0.8                        0.8
  100 (n=252)                            --                  22.8 (*P*\<0.001)                                            37.2[a](#tfn13-cpaa-10-001){ref-type="table-fn"} (*P*\<0.001)   38.9 (*P*\<0.001)                                                    19.8                      6.0                       5.2 (*P*=0.003)            
  200 (n=249)                            --                  23.2 (*P*\<0.001)                                            35.6[a](#tfn13-cpaa-10-001){ref-type="table-fn"} (*P*\<0.001)   37.8 (*P*\<0.001)                                                    13.7                      6.0                       4.0 (*P*=0.019)            

**Note:**

Per 28 days.

**Abbreviation:** BRV, brivaracetam

###### 

Summary and incidence of TEAEs reported in ≥3% of patients taking BRV in the pooled Phase III safety population

                                                      Placebo (n=459)   BRV dosage (mg/day)   BRV overall (n=803)                
  --------------------------------------------------- ----------------- --------------------- --------------------- ------------ ------------
  Any TEAE                                            285 (62.1)        142 (71)              236 (66.9)            168 (67.2)   546 (68.0)
  Discontinuations due to TEAE                        18 (3.9)          10 (5.0)              27 (7.6)              17 (6.8)     54 (6.7)
  Drug-related TEAEs                                  139 (30.3)        94 (47.0)             141 (39.9)            109 (43.6)   344 (42.8)
  Severe TEAEs                                        19 (4.1)          12 (6.0)              17 (4.8)              16 (6.4)     45 (5.6)
  Treatment-emergent SAEs                             13 (2.8)          6 (3.0)               9 (2.5)               9 (3.6)      24 (3.0)
  Drug-related treatment-emergent SAEs                2 (0.4)           1 (0.5)               3 (0.8)               2 (0.8)      6 (0.7)
  Deaths                                              1 (0.2)           1 (0.5)               0                     2 (0.8)      3 (0.4)
  **TEAEs reported in ≥3% of BRV patients overall**                                                                              
  Somnolence                                          39 (8.5)          23 (11.5)             57 (16.1)             42 (16.8)    122 (15.2)
  Dizziness                                           33 (7.2)          23 (11.5)             31 (8.8)              36 (14.4)    90 (11.2)
  Headache                                            47 (10.2)         32 (16)               26 (7.4)              19 (7.6)     77 (9.6)
  Fatigue                                             17 (3.7)          14 (7.0)              27 (7.6)              29 (11.6)    70 (8.7)
  Nausea                                              11 (2.4)          8 (4.0)               15 (4.2)              9 (3.6)      32 (4.0)
  Nasopharyngitis                                     14 (3.1)          6 (3.0)               12 (3.4)              9 (3.6)      27 (3.4)
  Irritability                                        5 (1.1)           10 (5.0)              9 (2.5)               7 (2.8)      26 (3.2)

**Notes:** Data represent number of (%) patients reporting a TEAE at any point during the entire study. Reproduced from Ben-Menachem E, Mameniškienė R, Quarato PP, et al. Efficacy and safety of brivaracetam for partial-onset seizures in three pooled clinical studies. Neurology. 2016;87(3):314--323.[@b96-cpaa-10-001] Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Wolters Kluwer. Please contact <healthpermissions@wolterskluwer.com> for further information.

**Abbreviations:** BRV, brivaracetam; SAE, serious adverse event; TEAE, treatment-emergent AE.

###### 

≥50% Responder rate by prior AED exposure and number of prior AEDs in post hoc analysis using pooled data from Phase III studies

                                                    Number of prior AEDs                                                    
  ---------------------------- -------------------- ---------------------- ----------- ------------ ----------- ----------- -----
  **LEV-exposed**              Number of patients   15                     14          61           105         115         221
  ≥50% responder rate, n (%)   3 (20.0)             7 (50.0)               15 (24.6)   37 (35.2)    16 (13.9)   58 (26.2)   
                                                    *P*=0.128                          *P*=0.224                *P*=0.01    
  **LEV-naïve**                Number of patients   94                     180         106          178         27          44
  ≥50% responder rate, n (%)   23 (24.5)            84 (46.7)              23 (21.7)   75 (42.1)    5 (18.5)    19 (43.2)   
                                                    *P*\<0.001                         *P*\<0.001               *P*=0.088   
  **CBZ-exposed**              Number of patients   12                     20          56           94          82          153
  ≥50% responder rate, n (%)   4 (33.3)             13 (65)                16 (28.6)   39 (41.5)    10 (12.2)   46 (30.1)   
                                                    *P*=0.034                          *P*=0.099                *P*=0.007   
  **CBZ-naïve**                Number of patients   54                     89          52           90          18          40
  ≥50% responder rate, n (%)   14 (25.9)            41 (46.1)              8 (15.4)    32 (35.6)    3 (16.7)    11 (27.5)   
                                                    *P*=0.03                           *P*=0.011                *P*=0.291   
  **TPM-exposed**              Number of patients   5                      11          44           82          82          182
  ≥50% responder rate, n (%)   4 (80.0)             4 (36.4)               13 (29.5)   31 (37.8)    12 (14.6)   51 (28.0)   
                                                    *P*=0.15                           *P*=0.652                *P*=0.025   
  **TPM-naïve**                Number of patients   92                     180         108          197         40          62
  ≥50% responder rate, n (%)   19 (20.7)            79 (43.9)              23 (21.3)   74 (37.6)    6 (15.0)    18 (29.0)   
                                                    *P*\<0.001                         *P*=0.003                *P*=0.058   
  **LTG-exposed**              Number of patients   10                     12          33           53          71          157
  ≥50% responder rate, n (%)   0                    6 (50.0)               5 (15.2)    20 (37.7)    13 (18.3)   46 (29.3)   
                                                                                       *P*=0.054                *P*=0.109   
  **LTG-naïve**                Number of patients   84                     160         109          162         29          56
  ≥50% responder rate, n (%)   20 (23.8)            73 (45.6)              22 (20.2)   61 (37.7)    3 (10.3)    17 (30.4)   
                                                    *P*=0.001                          *P*=0.003                *P*=0.045   

**Notes:** All *P*-values were exploratory. The modified efficacy population comprised randomized patients who received at least one dose of study drug and had at least one postbaseline seizure diary entry; patients taking concomitant LEV were included. Republished with permission of Elsevier Science and Technology Journals, from Efficacy and tolerability of adjunctive brivaracetam in patients with prior antiepileptic drug exposure: a post-hoc study, Asadi-Pooya AA, Sperling MR, Chung S, et al, Volume 131, 2017; permission conveyed through Copyright Clearance Center, Inc.[@b100-cpaa-10-001]

**Abbreviations:** AED, antiepileptic drug; BRV, brivaracetam; CBZ, carbamazepine; LEV, levetiracetam; LTG, lamotrigine; TPM, topiramate.
